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(54) Wellhead Assembly 

(57) A wellhead assembly for controlling fluid flow in 
a subsea well has an outer casing supported at the sub- 
sea floor. A wellhead housing (20) has a casing hanger 
(21 ) supported by the wellhead housing (20) at the sub- 
sea floor. An inner casing is suspended within the well- 
head housing (20) by the casing hanger (21), the inner 
casing forming a casing annulus with the outer casing. 
A spool tree (34) is fixed and sealed to the wellhead 
housing (20) and has a spool tree bore forming a spool 
tree wall. A spool tree casing annulus port (49) extends 
through the spool tree wall and a member (45) extends 
from the spool tree forming at least a portion of a fluid 
passageway communicating the spool tree casing an- 
nulus port (49) with the casing annulus. 




Printed by Jouve, 75001 PARIS (FR) 

AVAfUSlE COPY 



1 



EP1 233145 A2 



2 



Description 

[0001] Conventionally, wells in oil and gas fields are 
built up by establishing a wellhead housing, and with a 
drilling blow out preventer stack (BOP) installed, drilling 
down to produce the well hole whilst successively in- 
stalling concentric casing strings, which are cemented 
at the lower ends and sealed with mechanical seal as- 
semblies at their upper ends. In order to convert the 
cased well for production, a tubing string is run in 
through the BOP and a hanger at its upper end landed 
in the wellhead. Thereafter the drilling BOP stack is re- 
moved and replaced by a Christmas tree having one or 
more production bores containing actuated valves and 
extending vertically to respective lateral production fluid 
outlet ports in the wall of the Christmas tree. 
[0002] This arrangement has involved problems 
which have, previously, been accepted as inevitable. 
Thus any operations down hole have been limited to 
tooling which can pass through the production bore, 
which is usually no more than five inch diameter, unless 
the Christmas tree is first removed and replaced by a 
BOP stack. However this involves setting plugs or 
valves, which may be unreliable by not having been 
used for a long time, down hole. The well is in a vulner- 
able condition whilst the Christmas tree and BOP stack 
are being exchanged and neither one is in position, 
which is a lengthy operation. Also, if it is necessary to 
pull the completion, consisting essentially of the tubing 
string on its hanger, the Christmas tree must first be re- 
moved and replaced by a BOP stack. This usually in- 
volves plugging and/or killing the well. 
[0003] A further difficulty which exists, particularly 
with subsea wells, is in providing the proper angular 
alignment between the various functions, such as fluid 
flow bores, and electrical and hydraulic lines, when the 
wellhead equipment, including the tubing hanger, 
Christmas tree, BOP stack and emergency disconnect 
devices are stacked up. Exact alignment is necessary if 
clean connections are to be made without damage as 
the devices are lowered into engagement with one an- 
other. This problem is exacerbated in the case of subsea 
wells as the various devices which are to be stacked up 
are run down onto guide posts or a guide funnel project- 
ing upwardly from a guide base. The post receptacles 
which ride down on to the guide posts or the entry guide 
into the funnel do so with appreciable clearance. This 
clearance inevitably introduces some uncertainty in 
alignment and the aggregate misalignment when multi- 
ple devices are stacked, can be unacceptably large. Al- 
so the exact orientation will depend upon the precise 
positions of the posts or keys on a particular guide base 
and the guides on a particular running tool or BOP stack 
and these will vary significantly from one to another. 
Consequently it is preferable to ensure that the same 
running tools or BOP stack are used for the same well- 
head, or a new tool or stack may have to be specially 
modified for a particular wellhead. Further misalign- 



ments can arise from the manner in which the guide 
base is bolted to the conductor casing of the wellhead. 
[0004] WO-A-86/01852 discloses and claims a well- 
head with a tree body and a tubing hanger seated in the 
5 tree body, and with at least one lateral passage in the 
tree body and the tubing hanger providing access to the 
tubing. 

[0005] According to the present invention there is pro- 
videda wellhead assembly for controlling fluid flow in a 
10 subsea well having an outer casing supported at the 
subsea floor, the wellhead assembly comprising: 

a wellhead housing; 

a casing hanger supported by the wellhead housing 
is at the subsea floor; 

an inner casing suspended within the wellhead 
housing by the casing hanger, the inner casing 
forming a casing annulus with the outer casing; 
a spool tree fixed and sealed to the wellhead hous- 
20 ing (and having a spool tree bore forming a spool 
tree wall; 

a spool tree casing annulus port extending through 
the spool tree wall; and 

a member extending from the spool tree forming at 
25 least a portion of a fluid passageway communicat- 
ing the spool tree casing annulus port (with the cas- 
ing annulus. 

[0006] There is also provided a method of completing 
30 a cased well in which a production casing hanger is fixed 
and sealed by a seal assembly to a wellhead housing, 
with a BOP installed on the housing, the method com- 
prising: 

35 removing the seal assembly and replacing it with a 
casing valve which is manipulatable between con- 
figurations in which a passage from the production 
casing annulus up past the production casing hang- 
er is open or closed; 
40 with the passage closed, removing the BOP and fit- 
ting to the housing above the production casing 
hanger a spool tree having a spool tree bore and an 
internal landing for a tubing hanger; 
installing a BOP on the spool tree; 
^5 manipulating the valve to open the passage; and 
inserting a sealing member, which seals to both the 
production casing hanger and spool tree to form a 
flow passageway communicating the passage with 
a production casing annulus pressure monitoring 
so port in the spool tree. 

[0007] The type of tree to which the present invention 
relates is a spool tree which takes the place of a con- 
ventional Christmas tree, but which differs therefrom in 
55 having a comparatively large vertical through bore with- 
out any internal valves and at least large enough to ac- 
commodate the tubing completion. The advantages 
which are derived from the use of such spool tree are 
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remarkable, in respect to safety and operational bene- 
fits. 

[0008] Thus, in workover situations the completion, 
consisting essentially of the tubing string, can be pulled 
through a BOP stack, without disturbing the spool tree 
and hence the pressure integrity of the well, whereafter 
full production casing drift access is provided to the well 
through the large bore in the spool tree. The BOP can 
be any appropriate workover BOP or drilling BOP of op- 
portunity and does not have to be one specially set up 
for that well. 

[0009] Whereas modern well technology provides 
continuous access to the tubing annulus around the tub- 
ing string, it has generally been accepted as being dif- 
ficult, if not impossible, to provide continuous venting 
and/or monitoring of the pressure in the production cas- 
ing annulus, that is the annulus around the innermost 
casing string. This has been because the production 
casing annulus must be securely sealed whist the 
Christmas tree is fitted in place of the drilling BOP, and 
the Christmas tree has only been fitted after the tubing 
string and hanger has been run in, necessarily inside 
the production casing hanger, so that the production 
casing hanger is no longer accessible for the opening 
of a passageway from the production casing annulus. 
However, the new arrangement, wherein the spool tree 
is fitted before the tubing string is run in provides ade- 
quate protected access through the BOP and spool tree 
to the production casing hanger for controlling a pas- 
sage from the production casing annulus. 
[0010] Other features of the assembly of the invention 
may be found in the subsidiary claims. 
[0011] Production casing annulus pressure monitor- 
ing can be set up by a method of completing a cased 
well in which a production casing hanger is fixed and 
sealed by a seal assembly to a wellhead housing, the 
method comprising, with a BOP installed on the hous- 
ing, removing the seal assembly and replacing it with an 
adapter which is manipulatable between configurations 
in which a passages from the production casing annulus 
up past the production casing hanger is open or closed; 
with the passage closed, removing the BOP and fitting 
to the housing above the production casing hanger a 
spool tree having an internal landing for a tubing hanger; 
installing a BOP on the spool tree; running a tool down 
through the BOP and spool tree to manipulate the valve 
and open the passage; inserting through the BOP and 
spool tree an isolation sleeve, which seals to both the 
production casing and spool tree and hence defines be- 
tween the sleeve and casing an annular void through 
which the passage leads to a production casing annulus 
pressure monitoring port in the spool tree; and running 
a tubing string down through the BOP and spool tree 
until the tubing hanger lands in the spool tree with lateral 
outlet ports in the tubing hanger and spool tree for pro- 
duction fluid flow, in alignment with one another. 
[0012] Pressure integrity between the wellhead hous- 
ing and spool tree may be provided by two seals posi- 



tioned in series one forming an environmental seal 
(such as an AX gasket) between the spool tree and the 
wellhead housing, and the other forming a production 
seal between the location mandrel and either the well- 
5 head housing or the production casing hanger. 

[0013] During workover operations, the production 
casing annulus can be resealed by reversing the above 
steps, if necessary after setting plugs or packers down 
hole. 

[001 4] Double barrier isolation, that is to say two bar- 
riers in series, are generally necessary for containing 
pressure in a well. If a spool tree is used instead of a 
conventional Christmas tree, there are no valves within 
the vertical production and annulus fluid flow bores with- 
in the tree, and alternative provision must be made for 
sealing the bore or bores through the top of the spool 
tree which provide for wire line or drill pipe access. Ac- 
cordingly, at least one vertical production fluid bore in 
the tubing hanger is then sealed above the respective 
lateral production fluid outlet port by means of a remov- 
able plug, and the bore through the spool tree being 
sealed above the tubing hanger by means of a second 
removable plug. 

[001 5] With this arrangement, the first plug, takes the 
function of a conventional swab valve, and may be a 
wireline set plug. The second plug could be a stopper 
set in the spool tree above the tubing hanger by, e.g., a 
drill pipe running tool. The stopper could contain at least 
one wireline retrievable plug which would allow well ac- 
cess when only wire line operations are called for. The 
second plug should seal and be locked internally into 
the spool tree as it performs a barrier to the well when 
a BOP or intervention module is deployed. A particular 
advantage of this double plug arrangement is that, as is 
necessary to satisfy authorities in some jurisdictions, the 
two independent barriers are provided in mechanically 
separate parts, namely the tubing hanger and its plug 
and the second plug in the spool tree. 
[001 6] A further advantage arises if the workover port 
extends laterally through the wall of the spool tree from 
between the two plugs; a tubing annulus fluid port ex- 
tends laterally through the wall of the spool tree from the 
tubing annulus; and these two ports through the spool 
tree are interconnected via an external flow line contain- 
ing at least one actuated valve. The bore from the tubing 
annulus can then terminate at the port in the spool tree 
and no wireline access to the tubing annulus bore is nec- 
essary through the spool tree as the tubing annulus bore 
can be connected via the interplug void to choke or kill 
lines, i.e. a BOP annulus, so that downhole circulation 
is still available. It is then only necessary to provide wire- 
line access at workover situations to the production bore 
or bores. This considerably simplifies workover BOP 
and/or riser construction. When used in conjunction with 
the plug at the top of the spool tree, the desirable double 
barrier isolation is provided by the spool tree plug over 
the tubing hanger, or workover valve from the production 
flow,. 
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[0017] When the well is completed as a multi produc- 
tion bore well, in which the tubing hanger has at least 
two vertical production through bores each with a lateral 
production fluid flow port aligned with the corresponding 
port in the spool tree, at least two respective connectors 5 
may be provided for selective connection of a single 
bore wire line running tool to one or other of the produc- 
tion bores, each connector having a key for entering a 
complementary formation at the top of the spool tree to 
locate the connector in a predetermined angular orien- w 
tation relatively to the spool tree. The same type of al- 
ternative connectors may be used for providing wireline 
or other running tool access to a selected one of a plu- 
rality of functional connections, e.g. electrical or hydrau- 
lic couplings, at the upper end of the tubing hanger. 15 
[0018] The development and completion of a subsea 
wellhead in accordance with the present invention are 
illustrated in the accompanying drawings, in which: 

Figures 1 to 8 are vertical axial sections showing 20 
successive steps in development and completion of 
the wellhead, the Figure numbers bearing the letter 
A being enlargements of part of the corresponding 
Figures of same number without the A: 
Figure 9 is a circuit diagram showing external con- 25 
nections to the spool 3; 

Figure 10 is a vertical axial section through a com- 
pleted dual production bore well in production 
mode; 

Figures 11 and 1 2 are vertical axial sections show- 30 
ing alternative connectors to the upper end of the 
dual production bore wellhead during work over; 
and, 

Figure 13 is a detail showing the seating of one of 
the connectors in the spool tree. 35 

[0019] Figure 1 shows the upper end of a cased well 
having a wellhead housing 20, in which casing hangers, 
including an uppermost production casing hanger 21 for, 
for example, 9 5/8" or 10 3/4", production casing is *o 
mounted in conventional manner. Figure 1 shows a con- 
ventional drilling BOP 22 having rams 23 and kill and 
choke lines 24 connected to the upper end of the hous- 
ing 20 by a drilling connector 25. 

[0020] As seen in more detail in Figure 1 A, the usual <s 
mechanical seal assemblies between the production 
casing hanger 21 and the surrounding wellhead housing 
20 have been removed and replaced through the BOP 
with an adapter 26 consisting of an outer annular body 
part 27 and an inner annular gland nut 28 which has a so 
screw threaded connection to the body 27 so that it can 
be screwed between a lowered position shown on the 
right hand side of Figure 1A, in which radial ducts 29 
and 30, respectively in the body 27 and nut 28, are in 
communication with one another, and a raised position ss 
shown on the left hand side of Figure 1 A, in which the 
ducts are out of communication with one another. The 
duct 29 communicates through a conduit 31 between a 



depending portion of the body 27 and the housing 20, 
and through a conduit 32 passing through the produc- 
tion casing hanger 21 , to the annulus surround the pro- 
duction casing. The duct 30 communicates through 
channels 33 formed in the radially inner surface of the 
nut 28, and hence to a void to be described. The coop- 
eration between the gland nut 28 and body 27 of the 
adapter therefore acts as a valve which can open and 
close a passage up past the production casing hanger 
from the production casing annulus. After appropriate 
testing, a tool is run in through the BOP and, by means 
by radially projecting spring lugs engaging in the chan- 
nels 33, rotates the gland nut 28 to the valve closed po- 
sition shown on the right hand side on Figure 1A. The 
well is thus resealed and the drilling BOP 22 can tem- 
porarily be removed. 

[0021] As shown in Figures 2 and 2A, the body of a 
tree spool 34 is then lowered on a tree installation tool 
35, using conventional guide post location, or a guide 
funnel in case of deep water, until a spool tree mandrel 
36 is guided into alignment with and slides as a close 
machined fit, into the upper end of the wellhead housing 
20, to which the spool tree is then fixed via a production 
connector 37 and bolts 48. The mandrel 36 is actually 
a separate part which is bolted and sealed to the rest of 
the spool tree body. As seen particularly in Figure 2A a 
weight set AX gasket 39, forming a metal to metal envi- 
ronmental seal is provided between the spool tree body 
and the wellhead housing 20. In addition two sets of 
sealing rings 40 provide, in series with the environmen- 
tal seal, a production fluid seal externally between the 
ends to the spool tree mandrel 36 to the spool tree body 
and to the wellhead housing 20. The intervening cavity 
can be tested through a test part 40A. The provision of 
the adapter 26 is actually optional, and in its absence 
the lower end of the spool tree mandrel 36 may form a 
production seal directly with the production casing hang- 
er 21 . As is also apparent from reasons which will sub- 
sequently become apparent, the upper radially inner 
edge of the spool tree mandrel projects radially inwardly 
from the inner surface of the spool tree body above, to 
form a landing shoulder 42 and at least one machined 
key slot 43 is formed down through the landing shoulder. 
[0022] As shown in Figure 3, the drilling BOP 22 is 
reinstalled on the spool tree 34. The tool 44 used to set 
the adapter in Figure 1 , having the spring dogs 45, is 
again run in until it lands on the shoulder 42, and the 
spring dogs 45 engage in the channels 33. The tool is 
then turned to screw the gland nut 28 down within the 
body 27 of the adapter 26 to the valve open position 
shown on the right hand side in Figure 1 A. It is now safe 
to open the production casing annulus as the well is pro- 
tected by the BOP. 

[0023] The next stage, show in Figures 4 and 4A, is 
to run in through the BOP and spool tree on an appro- 
priate tool 44A a combined isolation and orientation 
sleeve 45. This lands on the shoulder 42 at the top of 
the spool tree mandrel and is rotated until a key on the 
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sleeve drops into the mandrel key slot 43. This ensures 
precise angular orientation between the sleeve 45 and 
the spool tree 44, which is necessary, and in contrast to 
the angular orientation between the spool tree 34 and 
the wellhead casing, which is arbitrary. The sleeve 45 
consists of an external cylindrical portion, an upper ex- 
ternal surface of which is sealed by ring seals 46 to the 
spool tree 34, and the lower external surface of which 
is sealed by an annular seal 47 to the production casing 
hanger 21. There is thus provided between the sleeve 
45 and the surrounding wellhead casing 20 a void 48 
with which the channels 33, now defined radially inward- 
ly by the sleeve 45, communicate. The void 48 in turn 
communicates via a duct 49 through the mandrel and 
body of the spool tree 34 to a lateral port. It is thus pos- 
sible to monitor and vent the pressure in the production 
casing annulus through the passage provided past the 
production casing hanger via the conduits 32, 31 the 
ducts 29 and 30, the channels 33, shown in Figure 1 A, 
the void 48, the duct 49, and the lateral port in the spool 
tree. In the drawings, the radial portion of the duct 49 is 
shown apparently communicating with a tubing annulus, 
but this is draughtsman's licence and the ports from the 
two annuli are, in fact, angularly and radially spaced. 
[0024] Within the cylindrical portion of the sleeve 45 
is a lining, which may be fixed in the cylindrical portion, 
or left after internal machining of the sleeve. This lining 
provides an orientation sleeve having an upper/edge 
forming a cam 50. The lowermost portion of the cam 
leads into a key slot 51. 

[0025] As shown in Figures 5,6 and 6A a tubing string 
of production tubing 53 on a tubing hanger 54 is run in 
through the BOP 22 and spool tree 34 on a tool 55 until 
the tubing hanger lands by means of a keyed shoulder 
56 on a landing in the spool tree and is locked down by 
a conventional mechanism 57. The tubing hanger 54 
has a depending orientation sleeve 58 having an oblique 
lower edge forming a cam 59 which is complementary 
to the cam 50 in the sleeve 45 and, at the lower end of 
the cam, a downwardly projecting key 60 which is com- 
plementary to the key slot 51 . The effect of the cams 50 
and 59 is that, irrespective of the angular orientation of 
the tubing string as it is run in, the cams will cause the 
tubing hanger 54 to be rotated to its correct angular ori- 
entation relatively to the spool tree and the engagement 
of the key 60 in the key slot 51 will lock this relative ori- 
entation between the tubing hanger and spool tree, so 
that lateral production and tubing annulus fluid flow ports 
61 and 62 in the tubing hanger 54 are in alignment with 
respective lateral production and tubing annulus fluid 
flow ports 63 and 64 through the wall of the spool tree. 
Metal to metal annulus seals 65, which are set by the 
weight of the tubing string, provide production fluid seals 
between the tubing hanger 54 and the spool tree 34. 
Provision is made in the top of the tubing hanger 54 for 
a wireline set plug 66. The keyed shoulder 56 of the tub- 
ing hanger lands in a complementary machined step in 
the spool tree 34 to ensure ultimate machined accuracy 



of orientation between the tubing hanger 54 and the 
spool tree 34. 

[0026] Figure 7 shows the final step in the completion 
of the spool tree. This involves the running down on drill 

s pipe 67 through the BOP, an internal isolation stopper 
68 which seals within the top of the spool tree 34 and 
has an opening closed by an in situ wireline activated 
plug 69. The BOP can then be removed leaving the well- 
head in production mode with double barrier isolation at 

10 the upper end of the spool tree provided by the plugs 66 
and 69 and the stopper 68. The production fluid outlet 
is controlled by a master control valve 70 and pressure 
through the tubing annulus outlet ports 62 and 64 is con- 
trolled by an annulus master valve 71 . The other side of 

15 this valve is connected, through a workover valve 72 to 
a lateral workover port 73 which extends through the 
wall of the spool tree to the void between the plugs 69 
and 66. With this arrangement, wireline access to the 
tubing annulus in and downstream of a tubing hanger is 

20 unnecessary as any circulation of fluids can take place 
through the valves 71 and 72, the ports 62, 64 and 73, 
and the kill or choke lines of any BOP which has been 
installed. The spool tree in the completed production 
mode is shown in Figure 8. 

25 [0027] Figure 9 shows valve circuitry associated with 
the completion and, in addition to the earlier views, 
shows a production fluid isolation valve 74, a tubing an- 
nulus valve 75 and a cross over valve 76. With this ar- 
rangement a wide variety of circulation can be achieved 

30 down hole using the production bore and tubing annu- 
lus, in conjunction with choke and kill lines extending 
from the BOP and through the usual riser string. All the 
valves are fail/safe closed if not actuated. 
[0028] The arrangement shown in Figures 1 to 9 is a 

35 mono production bore wellhead which can be accessed 
by a single wireline or drill pipe, and the external loop 
from the tubing annulus port to the void between the two 
plugs at the top of the spool tree avoids the need for 
wireline access to the tubing annulus bore. 

40 [0029] Figure 1 0 corresponds to Figure 8 but shows 
a 5 1 ^ inch x 2% inch dual production bore wellhead with 
primary and secondary production tubing 53A and 53B. 
Development and completion are carried out as with the 
monobore wellhead except that the spool tree 34A and 

45 tubing hanger 54A are elongated to accommodate lat- 
eral outlet ports 61 A.63A for the primary production fluid 
flow from a primary bore 80 in the tubing hanger to a 
primary production master valve 70A, and lateral outlet 
ports 62A.64A for the secondary production fluid flow 

so from a secondary bore 81 in the tubing hanger to a sec- 
ondary production master valve 70B. The upper ends of 
the bores 80 and 81 are closed by wireline plugs 66A 
and 66B. A stopper 68A, which closes the upper end of 
the spool tree 34A has openings, in alignment with the 

55 plugs 66A and 66B, closed by wireline plugs 69A and 
69B. 

[0030] Figures 1 1 and 1 2 show how a wireline 77 can 
be applied through a single drill pipe to activate selec- 
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tively one or other of the two wireline plugs 66A and 66B 
in the production bores 80 and 81 respectively. This in- 
volves the use of a selected one of two connectors 82 
and 83. In practice, a drilling BOP 22 is installed and the 
stopper 68A is removed. Thereafter the connector 82 or 
83 is run in on the drill pipe or tubing until it lands in, and 
is secured and sealed to the spool tree 34A. Figure 13 
shows how the correct angular orientation between the 
connector 82 or 83 and the spool tree 34A, is achieved 
by wing keys 84, which are guided by Y-shaped slots 85 
in the upper inner edge of the spool tree, first to bring 
the connectors into the right angular orientation, and 
then to allow the relative axial movement between the 
parts to enable the stabbing function when the wireline 
connector engages with its respective pockets above 
plug 66A or 66B. To ensure equal landing forces and 
concentricity on initial contact, two keys 84A and 84B 
are recommended. As the running tool is slowly rotated 
under a new control weight, it is essential that the tool 
only enters in one fixed orientation. To ensure this key 
84A is wider than key 84B and its respective Y-shaped 
slots. It will be seen that one of the connectors 82 has 
a guide duct 86 which leads the wireline to the plug 66B 
whereas the other connector 83 has a similar guide duct 
87 which leads the wireline to the other plug 66A. 



Claims 

1. A wellhead assembly for controlling fluid flow in a 
subsea well having an outer casing supported at the 
subsea floor, the wellhead assembly comprising: 

a wellhead housing (20); 
a casing hanger (21 ) supported by the wellhead 
housing (20) at the subsea floor; 
an inner casing suspended within the wellhead 
housing (20) by the casing hanger (21), the in- 
ner casing forming a casing annulus with the 
outer casing; 

a spool tree (34) fixed and sealed to the well- 
head housing (20) and having a spool tree bore 
forming a spool tree wall; 
a spool tree casing annulus port (49) extending 
through the spool tree wall; and 
a member (45) extending from the spool tree 
forming at least a portion of a fluid passageway 
communicating the spool tree casing annulus 
port (49) with the casing annulus. 

2. The assembly of claim 1 , wherein a portion of the 
fluid passageway extends through the space (48) 
created between the member (45), wellhead hous- 
ing (20), casing hanger (21) and spool tree (34). 

3. The assembly of claim 1 , further including a casing 
valve (26) controlling flow through the fluid pas- 
sageway. 



4. The assembly of claim 3, further including a conduit 
(32) through the casing hanger (21 ) wherein the flu- 
id passageway extends from the casing annulus 
port (49), through the space (48), the casing valve 

5 (26), and the casing hanger conduit (32), to the cas- 
ing annulus. 

5. The assembly of claim 3, wherein the casing valve 
(26) is mounted on the casing hanger (21) to open 

'0 and close the fluid passageway. 

6. The assembly of claim 3, wherein the casing valve 
(26) further includes a member (28) movably 
mounted on the casing valve (26), wherein the 

is member (28) and casing valve (26) each have an 
annulus passageway with the member (28) having 
an open position where the annulus passageways 
are in fluid communication and a closed position 
when the annulus passageways are not in fluid 

20 communication. 

7. The assembly of claim 1 , wherein the fluid passage- 
way includes a conduit (32) through the casing 
hanger (21). 

25 

8. The assembly of claim 7, wherein the casing hanger 
(21) is unsealed with the wellhead housing (20). 

9. The assembly of claim 1 , wherein the spool tree (34) 
30 is sealed with the casing hanger (21) by member 

(45). 

10. The assembly of claim 9, wherein the member (45) 
includes a sealing member extending between the 

35 spool tree (34) and casing hanger (21 ) to form a por- 
tion of the fluid passageway. 

11 . The assembly of claim 1 , comprising: 

^o a metal-to-metal seal (39) for sealing the spool 

tree (34) and wellhead housing (20); 
the member (45) having first seals (46) on one 
end and second seals (47) on another end; 
the first seals (46) sealingly engaging the spool 

45 tree (34); 

the casing hanger (21) engaging the another 
end of the member (45); and 
the second seals (47) sealingly engaging the 
casing hanger (21) for establishing a second 

50 seal to the metal-to-metal seal (39). 

1 2. The assembly of claim 1 1 , wherein the member (45) 
creates an annular space (48) between the member 
(45) and the wellhead housing (20). 

55 

13. The assembly of claim 12, wherein the fluid pas- 
sageway extends through the space (48) and spool 
tree casing annulus port (49) to an exterior of the 
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spool tree (34). 

1 4. The assembly of claim 1 1 , wherein the member (45) 
includes a bore therethrough having a diameter no 
smaller than the diameter of the flowbore of the cas- 
ing hanger (21). 

15. The assembly of claim 1 , further including an inter- 
nal valve (26) for controlling flow through the fluid 
passageway. 

16. The assembly of claim 1, further including means 
for monitoring or bleeding off fluid pressure in the 
casing annulus via the fluid passageway. 

17. The assembly of claim 1 , wherein 

the spool tree (34) is sealed to the wellhead 
housing (20) by a first fluid barrier; and 

further including a second fluid barrier for the 
sealed connection between the spool tree (34) and 
wellhead housing (20) comprising: 

the member (45) having first seals (46) on one 
end and second seals (47) on another end; 
said one end extending into the spool tree (34) 
with the first seals (46) sealingly engaging the 
spool tree (34); and 

the other end extending into the wellhead hous- 
ing (20) with the second seals (47) sealingly en- 
gaging the casing hanger (21) for isolating the 
casing hanger (21). 

18. The assembly of claim 1 , further including an align- 
ment member on the member (45) for aligning the 
member (45) within the spool tree (34). 

19. The assembly of claim 1 , wherein the member (45) 
includes a support on the one end for supporting 
the member (45) within the spool tree (34) and the 
other end creates a sealing engagement with the 
casing hanger (21). 

20. The assembly of claim 1 , wherein the spool tree (34) 
further includes at least a spool tree lateral produc- 
tion fluid outlet port (63) connected to a valve (70) 
and wherein the assembly further includes a tubing 
hanger landed (54) within the spool tree (34) at a 
predetermined angular position at which a tubing 
hanger lateral production fluid outlet port (61 ) in the 
tubing hanger (54) is in alignment with the spool tree 
lateral production fluid outlet port (63) in the spool 
tree (34), 

21. The assembly of claim 20, wherein the spool tree 
wall includes at least one spool tree tubing annulus 
port (64) therethrough; 

the tubing hanger (54) supporting tubing with- 
in the spool tree bore, the tubing hanger (54) having 



at least one tubing hanger tubing annulus port (62); 

the tubing having a tubing flowbore and form- 
ing a tubing annulus with the inner casing; 

the tubing hanger lateral production fluid out- 
5 let port (61 ) providing fluid communication between 
the tubing flowbore and the spool tree lateral pro- 
duction fluid outlet port (63); and 

the spool tree tubing annulus port (64) provid- 
ing flow communication to the tubing annulus 
™ through the tubing hanger tubing annulus port (62). 

22. The assembly of claim 21 , further includes a con- 
nection on the spool tree (34) for controlling flow to 
the tubing annulus. 

15 

23. The assembly of claim 20, wherein there are com- 
plementary guide means (50, 59) on the tubing 
hanger (54) and spool tree (34) to rotate the tubing 
hanger into the predetermined angular position rel- 

20 atively to the spool tree as the tubing hanger is low- 
ered into the spool tree. 

24. The assembly of claim 23, wherein the guide means 
are provided by complementary oblique edge sur- 

25 faces (50,59) one facing downwards on an orienta- 
tion sleeve (58) depending from the tubing hanger 
(54) and the other facing upwards on the member 
(45) carried by the spool tree (34). 

30 25. An assembly according to any one of the claims 
20,23, or 24, where the casing hanger (21 ) is carried 
in the wellhead housing (20) below the spool tree 
(34); the member (45) is sealed at its lower end to 
the casing hanger (21) and at its upper end to the 
35 spool tree (34) to define an annular void (48) be- 
tween the member (45) and the housing (20); and 
an adapter (26) located in the annular space (48) 
and providing part of a passage from the casing an- 
nulus to the spool tree casing port (49) in the spool 
to tree (34), the adapter (26) having a valve member 
(28) for opening and closing the passage, and the 
valve member (28) being operable through the 
spool tree (34) after withdrawal of the member (45) 
up through the spool tree (34). 

45 

26. The assembly of claim 25, in which the valve is pro- 
vided by a gland nut (28), which can be screwed up 
and down within a body (27) of the adapter (26) to 
bring parts (29,30) of the passage formed in the 

so gland nut and adapter body, respectively, into and 
out of alignment with one another. 

27. An assembly according to claim 25 or claim 26, 
when dependent on claim 24, in which the orienta- 

55 tion sleeve is provided within the member (45). 

28. An assembly according to any one of the claims 20 
or 23-27, wherein the spool tree (34) has a down- 



30 25. 



35 



40 



10 



7 



13 



EP 1 233 145 A2 



14 



wardly depending location mandrel (36) which is a 
close sliding fit within a bore of the housing (20). 

29. The assembly of claim 28, in which an environmen- 
tal seal (39) is provided between the spool tree (34) 
and the wellhead housing (20), and a production 
seal (40) is provided in series with the environmen- 
tal seal between the location mandrel and either the 
wellhead housing (20) or the casing hanger (21). 

30. An assembly according to any of the claims 20 or 
23-29, wherein at least one vertical production fluid 
bore in the tubing hanger (54) is sealed above the 
respective lateral production fluid outlet port (61) by 
means of a removable plug (66), and the spool tree 
bore through the spool tree (34) being sealed above 
the tubing hanger by means of a second removable 
plug (68). 

31. The assembly of claim 30, wherein the first plug is 
a wireline plug (66) and the second plus is a stopper 
(68) which contains at least one opening closed by 
a wireline plug (69). 

32. An assembly according to claim 30 or claim 31 , 
wherein a workover port (73) extends laterally 
through the spool tree wall of the spool tree from 
between the two plugs (66, 68); a tubing annulus 
fluid port (64) extends laterally through the wall of 
the spool tree from the tubing annulus; and these 
two ports through the spool tree are interconnected 
via a line containing at least one valve (71 , 72). 

33. An assembly according to any of the claims 20 or 
23-32, in which the tubing hanger (54) has at least 
two separate functional connections at its upper 
end, separate connectors (82, 83) being provided 
for selective access of a single bore running tool to 
one of the functional connections, each connector 
having a key (84) for entering a complementary for- 
mation (85) at the top of the spool tree to locate the 
connector in a predetermined angular orientation 
relatively to the spool tree. 

34. An assembly according to claim 33, in which the 
tubing hanger (54) has at least two vertical produc- 
tion through bores (80, 81) each with a lateral pro- 
duction fluid flow port aligned with the correspond- 
ing port in the spool tree, at least two respective 
connectors (82, 83) being provided for selective 
connection of a single bore wire line running tool to 
one or other of the production bores, each connec- 
tor having a key (84) for entering a complementary 
formation (85) at the top of the spool tree to locate 
the connector in a predetermined angular orienta- 
tion relatively to the spool tree. 

35. An assembly according to any one of the claims 20 



or 23-34, wherein the tubing hanger (54) has a 
shoulder (56) with an orientation key which cooper- 
ates with a landing in the spool tree (34) to provide 
final direct relative angular orientation between the 
5 tubing hanger and spool tree. 

36. The assembly of claim 20, wherein: 

the spool tree (34), which extends axially 
10 through the spool tree bore, communicates with 

the spool tree lateral production fluid outlet port 
(63); 

the tubing hanger (54), which is supported in 
the spool tree bore, has a tubing hanger pro- 
fs duction bore and supports a tubing string which 
extends into the well and defines a tubing an- 
nulus surrounding the tubing string, the tubing 
hanger lateral production fluid outlet port (61) 
communicates with the tubing hanger produc- 
20 tion bore and the spool tree lateral production 
fluid outlet port (63); and including 
a first seal (65) positioned between the tubing 
hanger (54) and the spool tree (34) above the 
tubing hanger lateral production fluid outlet port 
25 (61); 

a first closure member (66) positioned in the 
tubing hanger production bore above the tubing 
hanger lateral production fluid outlet port (61); 
wherein the first closure member (66) and the 
30 first seal (65) comprise a first pressure-contain- 

ing barrier between the well and a surrounding 
environment; 

a second seal (68) which is positioned adjacent 
the tubing hanger (54) and spool tree (34) 
35 above the first seal (65) with the tubing hanger 

production bore extending therethrough; 
a second closure member (69) which is posi- 
tioned in the tubing hanger production bore 
above the first closure member (66); and 

40 

wherein the second closure member (69) and 
the second seal (68) comprise a second pressure- 
containing barrier between the well and the environ- 
ment; and 

45 wherein both the first and the second barriers 

are associated with the tubing hanger (54). 

37. The assembly of claim 36, further comprising: 

so an ancillary bore which extends generally axi- 

ally through the tubing hanger from a lower end 
to an upper end of the tubing hanger; and 
an ancillary closure member positioned in the 
ancillary bore. 

55 

38. The assembly of claim 37, wherein: 

the ancillary bore includes a generally lateral 
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branch with a valve that is moveable to open 
and close the lateral branch. 

39. The assembly of claim 36 wherein the second seal 
(68) comprises: 

an annular body; and 

means for securing the body to the tubing spool 
(34). 

40. The assembly of claim 36, further comprising a con- 
nector with a seal stab for engaging the ancillary 
bore. 

41. The assembly of claim 40, wherein the connector 
further comprises: 

a fluid bore extending through the connector 
and which is adapted to be connected to a con- 
duit; and 

the fluid bore communicating with a bore in the 
seal stab; 

wherein fluid communication may be estab- 
lished between the ancillary bore and the conduit 
through the seal stab. 

42. The assembly of claim 37, further comprising: 

a tubing hanger tool which is removably con- 
nectable to the top of the tubing hanger in a pre- 
determined orientation; 
the tubing hanger tool including a flow passage- 
way therethrough and being sealed to the tub- 
ing spool; and 

the tubing hanger tool having stabs received by the 
tubing hanger production bore and the ancillary 
bore in the tubing hanger. 

43. The assembly of claim 36, further comprising: 

a blowout preventer (22) which is removably 
connectable to the top of the tubing spool (34) 
and which includes a blowout preventer bore, 
a set of blowout preventer rams, and at least 
one choke and kill line that communicates with 
a portion of the blowout preventer bore which 
is located adjacent the blowout preventer rams; 
and 

a tubing hanger tool which is removably con- 
nectable to the top of the tubing hanger and 
which includes a cylindrical outer surface por- 
tion and a f lowbore that communicates with the 
tubing hanger production bore; 
an annulus passageway (62, 64) which com- 
municates the tubing annulus with the outer 
surface portion; 



wherein the blowout preventer rams are 
adapted to sealingly engage the outer surface por- 
tion above the annulus passageway; 

whereby fluid communication between the 
s tubing annulus and the blowout preventer choke 
and kill line may be established through the annulus 
passageway and the portion of the blowout prevent- 
er bore which is located below the blowout prevent- 
er rams. 

10 

44. The assembly of claim 43, further including a con- 
duit extending to the surface and in fluid communi- 
cation with the tubing flowbore; 

the annulus passageway in fluid communica- 
is tion with the choke and kill line; 

the tubing hanger production bore in fluid 
communication with the tubing hanger tool flow pas- 
sageway; and 

fluid circulation paths being formed from the 
20 surface through the tubing hanger tool flow pas- 
sageway and the choke and kill line between the 
tubing hanger flowbore and tubing annulus pas- 
sageway, respectively, to selectively circulate 
downhole using the tubing flowbore and tubing an- 
25 nulus. 

45. The assembly of claim 43, wherein the spool tree 
(34) further includes a workover passageway (73) 
in the spool tree wall, the workover passageway ex- 

30 tending laterally into the spool tree bore; 

a workover valve (72) disposed with the spool 
tree (34) for selective fluid circulation through the 
workover passageway; 

the annulus passageway (62, 64) in fluid com- 
35 munication with the workover passageway (72); 

the workover passageway (72) in fluid com- 
munication with the spool tree bore above the tub- 
ing hanger (54); 

the spool tree bore being adapted for fluid 
40 communication with a choke and kill line; and 

a fluid circulation pathway being formed be- 
tween the spool tree bore, workover passageway 
(72), and annulus passageway (62,64) to selective- 
ly circulate downhole using said tubing flowbore 
45 and tubing annulus. 

46. The assembly of claim 20, wherein: 

the spool tree (34) has a spool tree tubing an- 
sa nulus port (64); 

the tubing hanger (54) supporting tubing with a 
tubing flowbore and having a tubing hanger 
flow bore communicating with the spool tree 
bore, the tubing and inner casing (21) forming 
55 a tubing annulus; 

the tubing hanger (54) has a tubing hanger lat- 
eral production fluid outlet port (61) and tubing 
hanger tubing annulus port (64) communicating 
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with the tubing annulus; and including 
an annulus fluid flow path extending from the 
well and up through the tubing annulus, the tub- 
ing hanger tubing annulus port (62), and the 
spool tree tubing annulus port (64). 

47. The assembly of claim 46, further including a pro- 
duction fluid flow path extending from the well and 
up through the tubing flowbore, the tubing hanger 
flow bore, the tubing hanger lateral production fluid 
outlet port (61 ) and the spool tree lateral production 
fluid outlet port (63). 

48. The assembly of claim 46 further including a blow- 
out preventer (22) mounted on the spool tree (34) 
having a conduit (55) in fluid communication with 
the tubing hanger and a circulating flow path ex- 
tending from the well and up through the tubing 
flowbore, the tubing hanger flow bore, and the con- 
duit. 

49. The assembly of claim 20, wherein 

the spool tree (34) has a spool tree tubing an- 
nulus port (64); and including a conduit (32) extend- 
ing between the casing hanger (20) the wellhead 
housing (20); 

the tubing hanger (54) supporting tubing with- 
in the inner casing (21 ), the tubing having a tubing 
flowbore and forming a tubing annulus with the in- 
ner casing (21); 

the tubing hanger (54) having a tubing hanger 
flow bore and a tubing hanger tubing annulus bore 
(62) in fluid communication with the spool tree bore 
and spool tree tubing annulus port (64), respective- 
ly; and 

the tubing hanger tubing annulus bore (62) 
and spool tree tubing annulus port (64) communi- 
cating with the tubing annulus. 

50. The assembly of claim 49, further including 

a first fluid flow path extending from the well 
and through the tubing flowbore, tubing hanger flow 
bore, and spool tree bore; 

a second fluid flow path extending from the 
well and through the tubing annulus, tubing hanger 
tubing annulus bore (62), and the spool tree tubing 
annulus port (64); and 

a third fluid flow path extending from the well 
and through the casing annulus and the spool tree 
casing annulus port (49). 

51 . The assembly of claim 50, wherein the member (45) 
seals with the spool tree (34) and seals with the cas- 
ing hanger (21), the member forming an exterior 
passageway between the casing annulus and the 
spool tree casing annulus port (49) and an interior 
passageway between the tubing annulus and the 
tubing hanger tubing annulus port (62). 



52. The assembly of claim 51 further including fluid 
communication between the annulus port and cas- 
ing annulus via the fluid passageway, an annulus 
valve disposed on the spool tree for controlling flow 

s through the annulus port. 

53. The assembly of claim 1, further including 
a first string of casing to which the wellhead 

housing is secured, the inner casing being inside 
the first string of casing and extending below the 
production casing hanger (21); 

a casing hanger communication passage 
passing through the inner casing hanger and in 
communication with the casing annulus, the mem- 
ber (45) forming a fluid passageway between the 
communication passage and the casing annulus 
port (49); and 

a closure member connected to the produc- 
tion casing hanger to open and close the commu- 
nication passage. 

54. The assembly of claim 20, wherein 
the tubing hanger has a tubing hanger pro- 
duction bore co-axial with the longitudinal axis of the 
spool tree and extending axially through the tubing 
hanger and an offset vertical passage (81 ) extend- 
ing through the tubing hanger from a lower end to 
an upper end of the tubing hanger offset from the 
tubing hanger production bore, the offset vertical 
passage (81) having a lower end adapted to be in 
communication with a tubing annulus surrounding 
the string of tubing; and including 

a first closure member (66A) installed in the 
tubing hanger production bore above the tubing 
hanger lateral production fluid outlet port (61 A); and 
a second closure member (66B) installed in 
the offset vertical passage. 

55. The well production assembly according to claim 
54, further comprising: 

a removable internal member (68A) which seal- 
ingly engages the bore of the spool tree (34A) 
above the tubing hanger (54A), the internal 
member (68A) having first and second vertical 
passages which are offset from and parallel to 
each other, the first vertical passage of the 
member (68A) aligning with the tubing hanger 
production bore, the second vertical passage 
of the member (68A) aligning with the offset 
vertical passage of the tubing hanger (54A); 
a third closure member (69A) installed in the 
first vertical passage of the internal member 
(68A); and 

a fourth closure member (69B) installed in the 
second vertical passage of the internal member 
(68A). 
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56. The wellhead assembly of claim 54, further com- 
prising: 

a lateral flow passage (62A) extending laterally 
from the offset vertical passage through the 
tubing hanger (54A) and having an opening at 
the exterior of the tubing hanger (54A); and 
a spool tree flow passage (64A) having an 
opening in the axial bore of the spool tree (34A) 
and extending laterally through the spool tree 
(34A) for sealingly registering with the opening 
of the lateral flow passage (62A) of the tubing 
hanger (54A). 

57. The assembly of claim 20, wherein 

the lateral production fluid outlet port (63) has 
an inlet at the spool tree bore and extending laterally 
through the spool tree wall, the spool tree (34) being 
supported on a shoulder on the wellhead housing 
(20) with a seal (39) sealing the tubing hanger (54) 
and wellhead housing (20); and including 

a tree auxiliary passage extending through 
the spool tree wall and having an auxiliary connec- 
tor located at the shoulder; and 

a mandrel (36) disposed in the wellhead hous- 
ing (20) and having a mandrel auxiliary passage ex- 
tending therethrough, the auxiliary connector in the 
spool tree sealingly mating with the auxiliary pas- 
sage when the spool tree (34) lands on the wellhead 
housing (20) to communicate the tree auxiliary pas- 
sage with the mandrel auxiliary passage. 

58. The wellhead assembly of claim 57, wherein the 
mandrel auxiliary passage is used to test the seal 
between the wellhead housing (20) and spool tree 
(34).' 

59. A method of completing a cased well in which a pro- 
duction casing hanger (21) is fixed and sealed by a 
seal assembly to a wellhead housing (20), with a 
BOP (22) installed on the housing, the method com- 
prising: 

removing the seal assembly and replacing it 
with a casing valve (26) which is manipulatable 
between configurations in which a passage 
from the production casing annulus up past the 
production casing hanger is open or closed; 
with the passage closed, removing the BOP 
and fitting to the housing above the production 
casing hanger a spool tree (34) having a spool 
tree bore and an internal landing for a tubing 
hanger (54); 

installing a BOP (22) on the spool tree; 

manipulating the valve to open the passage; and 

inserting a sealing member (45), which seals 
to both the production casing hanger and spool tree 



to form a flow passageway (48) communicating the 
passage with a production casing annulus pressure 
monitoring port (49) in the spool tree. 

5 60. The method of claim 59, further including running a 
tubing string down through the BOP and spool tree 
until the tubing hanger (54) lands in the spool tree 
with lateral outlet ports in the tubing hanger and 
spool tree for production fluid flow, in alignment with 

io one another. 

61. The method of claim 60, further including: 

suspending tubing from a tubing hanger; 
is supporting and sealing the tubing hanger within 

the spool tree for selective disposal below the 
blowout preventer; 

forming a common flow passageway between 
the blowout preventer and a portion of the spool 
20 tree bore above seals around the tubing hang- 

er; 

extending a tubular member into the blowout 
preventer bore, attaching the tubular member 
to the tubing hanger, and closing the blowout 

25 preventer therearound; 

forming a flowpath through the tubing and the 
tubular member, forming an annular area be- 
tween the tubular member and the production 
member in the common flow passageway and 

30 forming an annulus around the tubing below the 

tubing hanger; 

forming an annulus passageway from the an- 
nulus and through the wall of the production 
member; 

35 controlling flow through the annulus passage- 

way by an annulus valve; 
forming a workover passageway from the an- 
nular area and through the wall of the produc- 
tion member; 

40 controlling flow through the workover passage- 

way; 

providing fluid communication between the 
workover passageway and the annulus pas- 
sageway; and 

45 circulating fluid downhole using the flowpath, 

tubing annulus, annulus passageway, worko- 
ver passageway, and annular area. 
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Fig.2A. 
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Fig. 5. 
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Fig.9. 
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